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DESCRIPTION 

PLASMA PROCESSING METHOD 

TECHNICAL FIELD 

The present invention relates to a plasma processing method. 

BACKGROUND ART 

A plasma etching device having an upper electrode and a 
lower electrode facing opposite each other provided within an 
airtight process chamber has been proposed in the prior art. When 
implementing a process with this device, a workpiece such as a 
semiconductor wafer (hereafter referred to as a "wafer") is placed on 
the lower electrode. Next, a process gas is introduced into the 
process chamber and, at the same time, vacuum drawing is 
implemented in the process chamber to sustain the pressure of the 
atmosphere inside the process chamber at a predetermined reduced 
level. Subsequently, high-frequency power is supplied to, for 
instance, the lower electrode. The application of such high- 
frequency power causes the process gas to dissociate, resulting in 
the generation of plasma. Consequently, the wafer becomes etched 
and contact holes in a specific shape are formed at a specific layer 
at the wafer, e.g., an Si0 2 film layer. 

The process gas used when forming contact holes at the Si0 2 
film layer is constituted of a gas containing, at least, a CF 
(fluorocarbon) gas and 0 2 , such as a mixed gas containing C 4 F 8 , 
CO, Ar and 0 2 . When C 4 F 8 becomes dissociated, radicals such as 
F*(fluorine radicals) and CF * (fluorocarbon radicals) ions and 
electrons are generated. The Si0 2 film layer is etched as a result of 
the competing reaction of the radicals and the ions among them. 
C 4 F 8 contains carbon (C). Thus, reaction product such as carbon 
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and CF compounds are generated during the process. The reaction 
product become deposited on and accumulated at the photoresist 
film layer formed on the SiO a film layer, most notably at the 
shoulders of the etching pattern openings. As a result, the 
shoulders are protected from ion collisions by the reaction product. 
This prevents the pattern openings from becoming wider, so that 
small contact holes with specific dimensions are formed. 

In addition, 0 2 is added into the process gas to minimize the 
occurrence of etch stops. Namely, it has been learned through 
experience that by adding 0 2 into the process gas, removal of the 
reaction product can be facilitated. Thus, as long as 0 2 is added 
into the process gas in a correct quantity, the extent to which the 
reaction product are accumulated at the bottoms of the contact 
holes is lessened to prevent the occurrence of etch stops. However, 
if 0 2 is added into the process gas in an excessive quantity, the 
reaction product having been accumulated at the photoresist film 
layer, as well as the reaction product having been accumulated at 
the bottoms of the contact holes, become removed. This will result 
in the shoulders becoming etched to cause an increase in the 
diameter of the pattern openings. Accordingly, 0 2 is added into the 
process gas in a quantity that will prevent the occurrence of etch 
stops but allow the shoulders at the photoresist film layer to be 
ground only to a relatively small degree during the etching process. 
For instance, if the flow rates of C 4 F S , CO and Ar are respectively 10 
seem (1.67 X 10 7 m 3 /s in a normal state), 50 seem (8.33 X 10 7 
m 3 /s in a normal state) and 200 seem (33.3 X 10 " 7 m 3 /s in a 
normal state), 0 2 is usually added at a flow rate of 5 sccm(0.833 X 
10 " 7 m 3 /s in a normal state). 

An etching method for forming extremely small contact holes 
by performing an etching process on a wafer with highdensity 
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plasma has been proposed in the prior art. However, when forming 
contact holes with a high aspect ratio through this etching method, 
charging damage may occur due to electron shading. In such a 
situation, it is difficult to form contact holes with a desired shape. 

Now, the electron shading phenomenon and the resulting 
charging damage are explained in reference to FIG. 22. FIG. 22 is a 
schematic sectional view of a wafer W. The wafer W is constituted 
by laminating an Si0 2 (silicon oxide) film layer 1012 and a 
photoresist film layer 1014 on a semiconductor substrate 1010. 
FIG. 22 illustrates a state manifesting the formation of contact 
holes 1018 at the Si0 2 film layer 1012 implemented based upon a 
pattern 1016 formed at the photoresist film layer 1014 is in 
progress. 

As shown in FIG. 22, electrons (e~) collide with side walls of 
the pattern 1016 as the contact holes 1018 are etched further and 
their aspect ratio becomes higher. Positive ions (I + ), on the other 
hand, make entry almost perpendicular to the bottoms of the 
contact holes 1018. As a result, the side walls of the pattern 1016 
and the upper inner walls of the contact holes 1018 become 
negatively charged. This negative charge forms an electrical field 
that constitutes an electron barrier. As a result, electrons having 
only a small velocity component along the direction perpendicular 
to the bottoms of contact holes 1018 become slowed down by the 
electrical field and are also bounced back by the electrical field, 
which prevents them from entering the pattern 1016. This is 
referred to as the electron shading phenomenon. 

When the electron shading phenomenon described above 
occurs, positive ions enter the bottoms of the contact holes 1018 in 
a larger quantity compared to the quantity of electrons, as 
explained earlier. Consequently, the lower walls (side walls) of the 
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contact holes 1018 become a positively charged. As a result, a 
problem occurs in that the direction along which the ions 
constituting the etching seed travel is turned toward the side 
surfaces of the contact holes 1018 due to the charge, to induce 
abnormalities in shape such as notches. This problem is referred to 
as charging damage. 

As a solution, high-frequency power used to generate plasma 
is intermittently applied to the upper electrode. This lowers the 
electron temperature in the plasma so that the radicals are 
controlled to sustain a specific state. In addition, when the ion 
sheath becomes dissipated while the supply of the high-frequency 
power is cut off, negative ions and electrons are drawn to the 
bottoms of the contact holes 1018 by using biasing power applied 
to the wafer W. This eliminates the problem of the lower walls 
becoming positively charged and thus, charging damage is 
prevented. It is to be noted that the electron temperature refers to 
the index representing the level of the average thermal motion 
energy of the electrons in the plasma. In addition, the sheath refers 
to a space-charge layer formed around the wafer W in the plasma 
atmosphere. 

However, even by adopting the etching method described 
above, the charging damage cannot be prevented if the internal 
diameter of the contact holes to be formed is an extremely small at, 
for instance, approximately 0.18 jam or smaller. In other words, the 
adverse effect of the electron shading phenomenon becomes more 
pronounced as the aspect ratio of the contact holes increases. The 
extent to which the lower walls of the contact holes become 
positively charged also increases as a result, until the positive 
charge can no longer be electrically neutralized by the negative ions 
generated through the disassociation of the process gas. In 
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addition, electrons make isotropical entry. For this reason, while 
the electrons reach the lower portions of the contact holes, they 
still do not eliminate the positive charge problem explained above. 

The present invention has been completed by addressing the 
problems of the prior art discussed above. A first object of the 
present invention is to provide a new and improved plasma 
processing method that enables formation of contact holes with a 
high aspect ratio by preventing the occurrence of etch stops 
without causing damage to the mask pattern. 

A second object of the present invention is to provide a new 
and improved plasma processing method that does not induce 
charging damage even when contact holes with a high aspect ratio 
are formed with plasma and enables formation of contact holes with 
a desired shape. 

DISCLOSURE OF THE INVENTION 

In order to achieve the objects described above, in a first 
aspect of the present invention, a plasma processing method for 
implementing a plasma process on a silicon oxide film layer formed 
at a workpiece placed inside a process chamber by generating 
plasma from a process gas containing, at least, fluorocarbon 
introduced into the process chamber, which is characterized in that 
oxygen is intermittently added into the process gas, is provided. 

In this method, oxygen is added into the process gas 
intermittently. Thus, even if 0 2 is added into the process gas in a 
quantity at which the occurrence of etch stops is prevented while 
forming contact holes by etching, for instance, an Si0 2 film layer, 
the photoresist film layer on the Si0 2 film layer and shoulders of 
the photoresist film layer do not become damaged readily. For 
instance, when implementing an etching process by using a process 
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gas containing C 4 F 8 , reaction product are allowed to accumulate at 
the photoresist film layer while 0 2 is not being added even if 0 2 is 
added in a larger quantity compared to the quantity added in the 
etching method of the prior art during the periods over which 0 2 is 
added. As a result, the photoresist film layer and the shoulders 
thereof can be protected while preventing the occurrence of etch 
stops. Consequently, the opening diameter at the pattern formed at 
the photoresist film layer does not become wider and etch stops do 
not occur either, thereby enabling formation of contact holes with a 
high aspect ratio. 

In addition, it is desirable to add oxygen into the process gas 
cyclically (in pulses), in order to improve the reliability with which 
the occurrence of etch stops is prevented and the reaction product 
are allowed to accumulate. It will also facilitate control of the 
quantity of 0 2 added into the process gas. 

The length of the periods over which oxygen is added into the 
process gas should be set smaller relative to the length of time of 
the periods over which oxygen is not added. By adding oxygen in 
this manner, the occurrence of etch stops can be prevented while 
minimizing the damage to the photoresist film layer and the 
shoulders even if the total quantity of O a that is induced (the intake 
quantity) is equal to or less than the total quantity of 0 2 taken in 
through continuous induction as in the prior art. 

During the process of forming contact holes at the silicon 
oxide film layer, the occurrence of etch stops increases in 
proportion to an increase in the aspect ratio. Accordingly, it is 
desirable to increase the quantity of oxygen that is added in 
proportion to the increase in the aspect ratio of the contact holes 
when forming contact holes at the silicon oxide film layer through a 
plasma process, in order to ensure that the occurrence of etch 
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stops can be prevented with a high degree of reliability even though 
the aspect ratio becomes higher as the etching process progresses. 
In addition, the quantity of 0 2 that is added can be set low during 
the initial stage of the process when the aspect ratio is still low, so 
as to prevent damage to the photoresist film layer. It is to be noted 
that the term aspect ratio used in the description, the scope of 
patent claims and the drawings refers to the ratio (b/a) of the 
internal diameter (width) a and the depth (height) b of contact holes 
or openings at the pattern formed at the photoresist film layer. 

It is also desirable to determine in advance the relationship 
between the change to occur in the aspect ratio and the change to 
occur in the plasma composition and to adjust the quantity of 
oxygen to be added in conformance to the change in the plasma 
composition. While it is difficult to measure changes occurring in 
the aspect ratio during the process, the quantity of 0 2 to be added 
into the process gas can be adjusted based upon the change in the 
plasma composition which corresponds to the change in the aspect 
ratio by adopting the present invention. As a result, the adjustment 
of the quantity of 0 2 to be added which should be controlled in 
conformance to the change in the aspect ratio can be achieved with 
ease and reliability. 

Moreover, since the etch stops described above do not 
normally occur until the etching process has progressed to a 
certain degree, the process is not adversely affected by adding 0 2 
after the plasma has stabilized. 

In a second aspect of the present invention, a plasma 
processing method for implementing a plasma process on a silicon 
oxide film layer formed at a workpiece placed inside a process 
chamber by generating plasma from a process gas containing, at 
least, fluorocarbon introduced into the process chamber, which is 
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characterized in that oxygen is added into the process gas with the 
quantity of oxygen that is added increased/ decreased in relative 
measure, is provided. 

In this method, the quantity of 0 2 added into the process gas 
is increased/ decreased in relative measure. As a result, as in the 
invention in the first aspect, the occurrence of etch stops is 
prevented by adding a relatively large quantity of 0 2 . In addition, 
while the quantity of 0 2 that is added is relatively small, the 
reaction product are allowed to accumulate at the photoresist film 
layer to protect the photoresist film layer. As a result, contact holes 
with a high aspect ratio can be formed. 

It is desirable to cyclically increase/decrease the quantity of 
oxygen to be added in order to improve the reliability with which 
the occurrence of etch stops is prevented and the photoresist film 
layer is protected. It will also facilitate control of the quantity of 0 2 
added into the process gas. 

It is also desirable to set the length of time over which the 
quantity of oxygen added into the process gas is increased short 
relative to the length of time over which the quantity of oxygen 
added is reduced. Through this means, the occurrence of etch stops 
can be prevented while minimizing the damage to the photoresist 
film layer as described earlier. 

The quantity of oxygen added into the process gas should be 
increased in proportion to the increase in the aspect ratio of the 
contact holes formed at a silicon oxide film layer through a plasma 
process. Such an increase in the quantity of oxygen added gas 
prevents with a high degree of reliability the occurrence of etch 
stops without damaging the photoresist film even through the 
aspect ratio becomes higher as the process progresses, as explained 
earlier. 
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It is also desirable to determine in advance the relationship 
between the change to occur in the aspect ratio and the change to 
occur in the plasma composition and to adjust the quantity of 
oxygen to be added in conformance to the change in the plasma 
composition. Through this means, the adjustment of the quantity of 
0 2 to be added which should be controlled in conformance to the 
change in the aspect ratio can be achieved with ease and reliability, 
as explained earlier. 

Furthermore, it is desirable to increase/decrease the quantity 
of oxygen added after the plasma becomes stabilized, so as to 
ensure that plasma is generated with a high degree of reliability. 
Moreover, the occurrence of etch stops can be prevented reliably 
while ensuring that the process is not adversely affected by 
unstable plasma. 

In a third aspect of the present invention, a plasma 
processing method for implementing a plasma process on a silicon 
oxide film layer formed at a workpiece placed inside a process 
chamber by generating plasma from a process gas containing, at 
least, fluorocarbon introduced into the process chamber, which is 
characterized in that oxygen is added into the process gas with the 
quantity of oxygen added increased in proportion to the increase in 
the aspect ratio of contact holes formed at the silicon oxide film 
layer, is provided. 

In this method, the quantity of O a that is added is increased 
as the aspect ratio becomes higher, to increase the quantity of 0 2 
induced toward the bottoms of the contact holes. As a result, the 
occurrence of etch stops due to the increase in the aspect ratio can 
be prevented with a high degree of reliability. In addition, by adding 
only a small quantity of 0 2 while the aspect ratio is low, the total 
quantity of 0 2 intake can be reduced compared to that required in 
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the prior art. Thus, damage to the photoresist film layer and the 
shoulders can be prevented effectively. 

It is also desirable to determine in advance the relationship 
between the change to occur in the aspect ratio and the change to 
occur in the plasma composition and to adjust the quantity of 
oxygen to be added into the process gas in conformance to the 
change in the plasma composition. Through this means, the 
adjustment of the quantity of 0 2 added which should be controlled 
in conformance to the increase in the aspect ratio can be achieved 
with ease and reliability, as explained earlier. 

Furthermore, the quantity of oxygen to be added should be 
continuously increased or increased in stages. Through such 
measures, 0 2 can be added into the process gas in the desirable 
state in correspondence to the degree of increase in the aspect 
ratio. 

In a fourth aspect of the present invention, a plasma 
processing method for implementing a plasma process on a silicon 
oxide film layer formed at a workpiece placed on a second electrode 
by introducing a process gas containing, at least, fluorocarbon into 
a process chamber and individually applying high-frequency power 
to a first electrode and the second electrode facing opposite each 
other inside the process chamber to raise the process gas to 
plasma, which is characterized in that the frequency of the high- 
frequency power applied to the second electrode is set lower than 
the frequency of the high-frequency power applied to the first 
electrode with the high-frequency power intermittently applied to 
the first electrode and oxygen intermittently added into the process 
gas, is provided. 

In this method, electrons and negative ions of oxygen can be 
generated by dissociating the process gas while the high-frequency 
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power intermittently applied to the first electrode is on. In addition, 
while the high-frequency power applied to the first electrode is 
turned off, the electrons and the negative ions mentioned above can 
be drawn toward the bottoms of the contact holes formed at the 
Si0 2 film layer during a positive cycle of the high-frequency power 
applied to the second electrode. As a result, the positive charge at 
the lower walls of the contact holes is electrically neutralized by the 
electrons and the negative ions. Thus, the problem of the lower 
walls becoming positively charged is eliminated and charging 
damage is prevented. It is to be noted that the term "positive cycle" 
used in this description refers to a period in the entire cycle of the 
high-frequency power applied to the second electrode, over which 
the potential at the second electrode is higher than the potential 
over an area where electrons and negative ions are present in the 
process chamber (process container). 

When 0 2 is added into the process gas, the photoresist film 
layer and the pattern shoulders may become ground and damaged. 
However, 0 2 is added intermittently into the process gas according 
to the present invention. Consequently, such damage occurs less 
readily and contact holes can be formed based upon a specific 
pattern. Furthermore, the process gas contains a fluorocarbon (CF) 
gas. Thus, a protective film is formed at the photoresist film layer 
and the pattern shoulders while the high-frequency power 
intermittently applied to the first electrode is turned off during a 
specific etching process. As a result, a further reduction is achieved 
in the extent of damage occurring as a result of the 0 2 addition. 

It is desirable to add oxygen into the process gas cyclically. 
This measure ensures that the generation of negative ions of oxygen 
and the formation of the protective film are achieved with a higher 
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degree of reliability. It also facilitates the control on the quantity of 
0 2 to be added. 

In addition, it is desirable to increase the quantity of oxygen 
to be added in proportion to the increase in the aspect ratio of the 
contact holes when forming contact holes at a silicon oxide film. 
The charging damage explained earlier tends to occur more readily 
as the etching process progresses further and the aspect ratio 
becomes higher. Accordingly, by increasing the quantity of 0 2 
added into the process gas in proportion to the increase in the 
aspect ratio, charging damage is reliably prevented even when the 
etching process has progressed to an advanced state. Moreover, 
only a small quantity of 0 2 needs to be added during the initial 
stage of the process. Thus, the extent of damage to the photoresist 
film layer and the pattern shoulders is reduced. 

In a fifth aspect of the present invention, a plasma processing 
method for implementing a plasma process on a silicon oxide film 
layer formed at a workpiece placed on a second electrode by 
^ introducing a process gas containing, at least, fluorocarbon and 
i oxygen into a process chamber and individually applying high- 
frequency power to a first electrode and the second electrode facing 
opposite each other inside the process chamber to raise the process 
gas to plasma, which is characterized in that the frequency of the 
high-frequency power applied to the second electrode is set lower 
than the frequency of the high-frequency power applied to the first 
electrode with the high-frequency power intermittently applied to 
the first electrode and the quantity of oxygen added into the 
process gas increased/ decreased while the plasma process is in 
progress, is provided. 

In this method, 0 2 is added into the process gas. Thus, as in 
the invention in the fourth aspect explained above, charging 
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damage attributable to the increase in the aspect ratio is prevented. 
In addition, while the quantity of 0 2 being added is increased, a 
greater quantity of negative oxygen ions can be generated. 
Furthermore, when the quantity of 0 2 being added is reduced, the 
photoresist film layer and the pattern shoulders can be protected 
with the protective film formed with the CF gas. Consequently, a 
specific patterning is achieved while eliminating charging damage. 

In a sixth aspect of the present invention, a plasma 
processing method for implementing a plasma process on a silicon 
oxide film layer formed at a workpiece placed on a second electrode 
by introducing a process gas containing, at least, fluorocarbon and 
oxygen into a process chamber and individually applying high- 
frequency power to a first electrode and the second electrode facing 
opposite each other inside the process chamber to raise the process 
gas to plasma, which is characterized in that the frequency of the 
high-frequency power applied to the second electrode is set lower 
than the frequency of the high-frequency power applied to the first 
electrode with the high-frequency power intermittently applied to 
the first electrode and the quantity of oxygen added into the 
process gas increased as the plasma process progresses, is 
provided. 

In this method, the process is implemented by gradually 
increasing the quantity of 0 2 added into the process gas. Thus, 
since the quantity of 0 2 being added during the initial stage of the 
process is small, the entire quantity of O a that is added (the intake 
quantity) can be kept at a level equal to or lower than induction 
quantity necessitated in continuous induction of 0 2 . As a result, 
the photoresist film and the shoulders do not become damaged 
readily. In addition, with the quantity of 0 2 being added increased 
as the process progresses, 0 2 , which is added only in a small 
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quantity during the initial stage of the process, can be 
subsequently replenished. As a result, charging damage can be 
prevented with a high degree of reliability. 

It is desirable to increase the quantity of oxygen added into 
the process gas in proportion to the increase in the aspect ratio of 
the contact holes when forming contact holes at a silicon oxide film 
layer. Through this measure, it is ensured that negative oxygen 
ions are generated in greater quantity as the aspect ratio becomes 
higher. Consequently, charging damage is prevented with an even 
higher degree of reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view of an etching device that 
may adopt the present invention; 

FIG. 2(a) schematically illustrates a first theory of the 
phenomenon in which etch stops are prevented by adding 0 2 and 
FIG. 2(b) schematically illustrates a second theory of the 
phenomenon in which etch stops are prevented by adding 0 2 ; 

FIG. 3 schematically illustrates the structure of the control on 
the quantity of 0 2 that is added, adopted in the etching device in 
FIG. 1; 

FIG. 4 schematically illustrates another structure that may be 
adopted in controlling the quantity of 0 2 to be added; 

FIG. 5 is a schematic sectional view of another etching device 
that may adopt the present invention; 

FIG. 6(a) schematically illustrates the relationship between 
length of the etching time (contact hole aspect ratio) and the 
etching rate, FIG. 6(b) schematically illustrates the relationship 
between the length of etching time (contact hole aspect ratio) and 
the quantity of reaction product and the like accumulated at the 
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bottoms of the contact holes and FIG. 6(c) schematically illustrates 
the relationship between the length of etching time (contact hole 
aspect ratio) and the contents of the plasma component; 

FIG. 7(a) presents a schematic sectional view of the shape of a 
contact hole achieved in the time segment (A) in FIGS. 6(a) ~ 6(c), 
FIG. 7(b) presents a schematic sectional view of the shape of a 
contact hole achieved in the time segment (B) in FIGS. 6(a) ~ 6(c) 
and FIG. 7(c) presents a schematic sectional view of the shape of a 
contact hole achieved in the time segment (C) in FIGS. 6(a) ~ 6(c); 

FIG. 8 schematically illustrates the structure of the control on 
the quantity of 0 2 that is added, adopted in the etching device in 
FIG. 5; 

FIG. 9 schematically illustrates another structure that may be 
adopted in controlling the quantity of 0 2 added; 

FIG. 10 schematically illustrates yet another structure that 
may be adopted in controlling the quantity of 0 2 added; 

FIG. 1 1 schematically illustrates yet another structure that 
may be adopted in controlling the quantity of 0 2 added; 

FIG. 12 schematically illustrates yet another structure that 
may be adopted in controlling the quantity of 0 2 added; 

FIG. 13 schematically illustrates yet another structure that 
may be adopted in controlling the quantity of 0 2 added; 

FIG. 14 is a schematic sectional view of another etching 
device that may adopt the present invention; 

FIG. 15 schematically illustrates the structure adopted to 
supply O a in the etching device shown in FIG. 14; 

FIG. 16 schematically illustrates how charging damage is 
eliminated; 

FIG. 17 schematically illustrates how charging damage is 
eliminated; 
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FIG. 18 schematically illustrates another structure that may 
be adopted to supply 0 2 ; 

FIG. 19 schematically illustrates yet another structure that 
may be adopted to supply 0 2 ; 

FIG. 20 schematically illustrates yet another structure that 
may be adopted to supply 0 2 ; 

FIG. 21 schematically illustrates yet another structure that 
may be adopted to supply 0 2 ; and 

FIG. 22 schematically illustrates charging damage 
attributable to electron shading that occurs in an etching method 
in the prior art. 

BEST MODE FOR CARRYING OUT OF THE INVENTION 

The following is an explanation of embodiments achieved by 
adopting the plasma processing method according to the present 
invention in a plasma etching method, given in reference to the 
attached drawings. It is to be noted that in the explanation of the 
embodiments, the same reference numbers are assigned to 
components having functions and structural features roughly 
identical to one another to preclude the necessity for repeated 
explanation thereof. 
(First Embodiment) 

First, a first embodiment of the present invention is 
explained. This embodiment is characterized in that 0 2 is 
intermittently added into the process gas. The following is a 
detailed description of the structure adopted to achieve this. 
(1) Structure of etching device 

An etching device 100 in which the embodiment may be 
adopted is structured as shown in FIG. 1. Namely, a process 
chamber 102 of the etching device 100 is formed within an 
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electrically conductive and airtight process container 104. A 
magnet 122 is provided outside the process chamber 102. The 
magnet 122 generates a magnetic field (rotating magnetic field) 
inside the process chamber 102. 

A conductive lower electrode 106 is provided inside the 
process chamber 102. The lower electrode 106 also functions as a 
stage on which a wafer W is placed. In addition, a high-frequency 
power supply 120, which outputs high-frequency power, is 
connected to the lower electrode 106 via a matcher 118. An 
electrostatic chuck 108 is provided on the lower electrode 106. The 
electrostatic chuck 108 attracts and holds the wafer W when a high 
level DC voltage output from a high-voltage D.C. power supply 110 
is applied to it. A focus ring 112 is provided on the lower electrode 
106 as well. The focus ring 112 encloses the periphery of the wafer 
W placed on the electrostatic chuck 108. 

A baffle plate 114 is mounted around the lower electrode 106. 
A plurality of through holes 1 14a are formed at the baffle plate 114. 
The through holes 114a communicate between the space inside the 
process chamber 102 and the lower space inside the process 
container 104. A vacuum pump (not shown) is connected via an 
evacuating pipe 116 to the lower space within the process container 
104. 

A conductive upper electrode 124 is provided so as to face 
opposite the mounting surface of the lower electrode 106. The 
upper electrode 124, which constitutes the ceiling of the process 
chamber 102, is grounded via the process container 104. In 
addition, numerous gas outlet holes 124a are formed at the upper 
electrode 124. A first gas supply pipe 126 and a second gas supply 
pipe 128 are connected to the gas outlet holes 124a via a gas 
diffusion chamber 130. 
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First ~ third gas supply sources 136, 142 and 148 are 
connected to the first gas supply pipe 126 respectively via first ~ 
third flow-regulating valves (mass flow controllers) 134, 140 and 
146 and first ~ third switching valves 132, 138 and 144. It is to be 
noted that C 4 F 8 is supplied from the first gas supply source 136 in 
the embodiment. CO is supplied from the second gas supply source 
142 and Ar is supplied from the third gas supply source 148. 

A fourth gas supply source 154 is connected to the second gas 
supply pipe 128 via a fourth flow-regulating valve 152 and a fourth 
switching valve 150. O a is supplied from the fourth gas supply 
source 154. In addition, a controller 156 is connected to the first ~ 
fourth flow-regulating valves 134, 140, 146 and 152. The controller 
156 controls the flow rates of the individual gases as explained 
later. 

(2) A phenomenon in which etch stops are prevented by adding 

Next, the phenomenon in which etch stops are prevented by 
adding 0 2 into the process gas is explained in reference to FIG. 2. 
According to findings made by the inventor of the present invention 
and others, the following two theories are considered to be the 
primary theoretical basis that may be applied when explaining how 
etch stops can be prevented by adding 0 2 . 
(a) First theory 

Let us hypothesize that an etching process is implemented on 
an Si0 2 film layer 202 formed on an Si (silicon) substrate 200 by 
using, for instance, a mixed gas containing C 4 F 8 , CO and Ar without 
adding O a . In the process, a contact hole 204 is formed at the Si0 2 
film layer 202, as shown in FIG. 2(a). During this process, positive 
ions (I +) become accelerated by the sheath and enter the contact 
hole 204. However, electrons (e -) make isotropical entry into the 
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contact hole 204. For this reason, as the hole diameter (internal 
diameter) of the contact hole 204 becomes small, some electrons do 
not enter the contact hole 204. As a result, the lower side wall 
inside the contact hole 204 becomes charged with positive (+) 
charge. 

When the lower side wall becomes positively charged to a 
certain extent, ions can no longer enter the contact hole 204. As a 
result, ions no longer reach the bottom surface of the contact hole 
204. This disrupts the balance between the radicals and the ions, 
to result in an etch stop. However, the lower side wall inside the 
contact hole 204 is not positively charged to any significant degree 
if the aspect ratio is low. For this reason, the balance between the 
radicals and the ions is not disrupted and therefore, no etch stop 
occurs. In contrast, if the aspect ratio is high, ions are prevented 
from reaching the bottom of the contact hole 204 as described 
above. Thus, the ratio of ions and radicals changes and an etch 
stop occurs. 

If O a is added into the process gas, 0 2 becomes dissociated to 
generate O* (oxygen radicals) and negative ions. The problem of the 
lower side wall becoming positively charged is eliminated by the 
presence of the negative O ions and O* as the negative O ions enter 
the contact hole 204. Thus, ions are allowed to reach the bottom of 
the contact hole 204 even when forming an extremely small contact 
hole 204 having an internal diameter of approximately 0.18 jum or 
smaller. Then, the ions, C x F y radicals and Si0 2 undergo a reaction 
while maintaining a correct balance among themselves. The SiO a 
film layer 202 at the bottom of the contact hole 204 is etched to the 
correct degree and the occurrence of an etch stop is prevented, 
(b) Second theory 
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The deposit seed, which has a large solid angle of entry, is 
readily accumulated at the upper side wall inside the contact hole 
204 as shown in FIG. 2(b), resulting in the formation of a CF X 
polymer (deposit) 210. Then, ions (I + ) collide with the CF X polymer 
210, causing a component with a high C/F ratio to become 
sputtered toward the bottom of the contact hole 204. In other 
words, the CF X polymer 210 is repeatedly sputtered and re- 
deposited, resulting in the formation of a deposit (reaction product) 
212 which is rich in carbon. This deposit 212 presents a main 
cause of the etching rate at which the Si0 2 film layer 202 is etched 
in the very small contact hole 204 becoming slowed down. 
Accordingly, it is crucial to achieve verticality for the side wall of 
the contact hole 204 by taking into account the adverse effect of 
the deposit 212. 

When 0 2 is added into the process gas, O* generated through 
the dissociation of 0 2 as explained above reacts with the deposit 
212 at the bottom of the contact hole 204. As a result, the deposit 
212 is expelled from the contact hole 204 in the form of, for 
instance, CO, C0 2 , COF x and the like. Thus, the deposit 212 which 
has accumulated at the bottom of the contact hole 204 and is not 
etched readily becomes removed. This sets the etching balance 
between ions 210 and radicals to the correct ratio, to successfully 
prevent the occurrence of etch stop. 

Etch stops can be prevented by adding 0 2 into the process gas 
based upon either the first theory or the second theory explained 
above. However, in order to ensure that the occurrence of etch 
stops is prevented with a high degree of reliability, the quantity of 
O a being added must be increased in proportion to the increase in 
the aspect ratio of the contact hole 204 (as the contact hole 204 
becomes narrower). If the quantity of O a added into the process gas 
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remains constant, as in the etching method in the prior art 
explained earlier, the photoresist film layer 206 on the SiO a film 
layer 202 and the shoulders of the photoresist film layer 206 
become etched as well. Accordingly, 0 2 is added into the process 
gas in the embodiment by alternating a period over which 0 2 is 
supplied and a period over which the O a supply is suspended over 
specific intervals as explained below. In addition, during an 0 2 
supply period 0 2 is added into the process gas in the quantity at 
which the concurrence of etch stops can be reliably prevented. 
Through these measures, it becomes possible to form a contact hole 
204 with a high aspect ratio without damaging the photoresist film 
layer 206. 

(3) The etching step and structure adopted to implement control 
on quantity of 0 2 being added 

Next, in reference to FIGS. 1-3, the etching step and the 
structure adopted to implement control on the quantity of O a being 
added (the flow rate) that characterize the embodiment are 
explained. 

First, as shown in FIG. 1, the wafer W placed on the 
electrostatic chuck 108 of the lower electrode 106 is attracted and 
held to the electrostatic chuck 108. At this time, the temperature of 
the wafer W is set at a specific level, e.g., 20°C, via the lower 
electrode 106. In addition, the Si0 2 film layer 202 has been formed 
on the Si substrate 200 at the wafer W as shown in FIG. 2. The 
upper surface of the Si0 2 film layer 202 is covered by the 
photoresist film layer 206 having a specific pattern formed therein. 
The temperature at the inner wall surface of the process chamber 
102 and the upper electrode 124 shown in FIG. 1 is set at, for 
instance, 60°C. 



FTEL9900 2 /US 



22/51 



Next, the controller 156 adjusts the first ~ third flow- 
regulating valves 134, 140 and 146 as appropriate. Through this 
adjustment, C 4 F 8 , CO and Ar constituting the mixed gas are 
individually introduced into the process chamber 102 at specific 
flow rates. At this time, the flow rate of C 4 F 8 is set at, for instance, 
10 seem (1.67 X 10" 7 m 3 /s i n a normal state), the flow rate of CO is 
set at, for instance, 50 seem (8.33 X 10" 7 m 3 /s and the normal 
state) and the flow rate of Ar is set at 200 seem (33.3 X 10" 7 m 3 /s in 
a normal state). The fourth flow-regulating valve 152 remains 
closed. Thus, 0 2 is not supplied in this state. Concurrently, 
vacuum drawing is implemented inside the process chamber 102 
via the through holes 114a of the baffle plate 114 and the 
evacuating pipe 116, to sustain the pressure inside the process 
chamber 102 at, for instance, 40mTorr (5.3 Pa). Then, high- 
frequency power with a frequency of, for instance, 13.56 MHz and a 
power level of 1700 W is applied to the lower electrode 106. The 
application of such power results in generation of plasma between 
the upper electrode 124 and the lower electrode 106. Consequently, 
a specific type of etching process is implemented on the Si0 2 film 
layer 202 by the ions and the radicals in the plasma. 

The state of the plasma generation is monitored by a sensor 
(not shown). The sensor monitors the state of the plasma 
generation by detecting the emission spectrum of the plasma, for 
instance. The information obtained at the sensor is communicated 
to the controller 156. Once the controller 156 judges that the 
plasma has stabilized and a stable etching process is being 
implemented on the Si0 2 film layer 202, it applies a specific level of 
pulse voltage to the fourth flow-regulating valve 152. While the 
pulse voltage is on, the fourth flow- regulating valve 152 is open to 
allow 0 2 to be supplied into the gas diffusion chamber 130. While 
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the pulse voltage is suspended, on the other hand, the fourth flow- 
regulating valve 152 is closed and the supply of 0 2 into the gas 
diffusion chamber 130 is stopped. As a result, O a is added into the 
process gas present inside the gas diffusion chamber 130 in 
synchronization with the ON/ OFF state of the pulse voltage as 
shown in Fig 3. The process gas is supplied into the process 
chamber 102 via the gas outlet holes 124a. 

In addition, the maximum flow rate of 0 2 being added is set 
higher than the flow rate of 0 2 added in the etching method in the 
prior art. This maximum flow rate is set at, for instance, 10 seem 
(1.67 X 10" 7 m 3 /s in a normal state) in the embodiment. The length 
of time over which 0 2 is added per cycle is set at several ms ~ 
several tens of ms, e.g., 5 ms ~ 10 ms. The length of time over 
which O a is not supplied is set larger than the length of time over 
which 0 2 is added. Thus, 0 2 is supplied over a shorter length of 
time than that over which 0 2 is not supplied. Consequently, it is 
possible to form a reaction product (protective film) such as a CF 
compound at the photoresist film layer 206 even when O a is added 
into the process gas in a quantity at which the photoresist film 
layer 206 would become ground if O a was added constantly. As a 
result, the shoulders of the photoresist film layer 206 which tend to 
be damaged readily are not ground. Furthermore, the total quantity 
of O a that is introduced into the process gas is equal to or smaller 
than the total quantity of 0 2 that is continuously introduced into 
the process gas in the prior art. Thus, the occurrence of damage 
described above can be prevented with a high degree of reliability. 

In the embodiment structured as described above, the supply 
of 0 2 added into the process gas is switched ON/ OFF in a specific 
cycle. As a result, the internal side wall of the contact hole 204 is 
prevented from becoming charged while maintaining the pattern 
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formed at the photoresist film layer 206 in its initial state. In 
addition, since the accumulation of the reaction product (deposits) 
208 and 212 at the bottom of the contact hole 204 is minimized, 
the occurrence of an etch stop can be prevented. 
(Second Embodiment) 

Next, a second embodiment of the present invention is 
explained. This embodiment is characterized in that the quantity of 
O a being added is increased/decreased in relative measure. 

C 4 F 8 , CO and Ar, for instance, constituting a mixed gas are 
introduced into the process chamber 102 respectively at the same 
flow rates as those in first embodiment, prior to plasma generation. 
Accordingly, the flow rate of C 4 F 8 is set at 10 seem (1.67 X 10" 7 
m 3 /s in a normal state), the flow rate of CO is set at 50 seem (8.33 
X 10" 7 m 3 /s in a normal state) and the flow rate of Ar is set at 200 
seem (33.3 X 10" 7 m 3 /s in a normal state). Unlike in the first 
embodiment, 0 2 is introduced into the process chamber 102 at a 
flow rate of, for instance, 5 seem (0.833 X 10" 7 m 3 /s in a normal 
state) at the same time. At this time, the flow rates of the individual 
gases are adjusted through the voltages applied by the controller 
156 to the first ~ fourth flow-regulating valves 134, 140, 146 and 
152. It is to be noted that O a is added into the process gas prior to 
the plasma generation in the embodiment. However, O a is added in 
a very small quantity. For this reason, the addition of 0 2 does not 
affect the plasma generation or the photoresist film layer 206. 

Next, a specific level of high-frequency power is applied to the 
lower electrode 106 to generate plasma inside the process chamber 
102. Once the controller 156 verifies that the plasma has stabilized 
as in the first embodiment explained earlier, it adjusts the degree of 
openness of the fourth flow-regulating valve 152. Through this 
adjustment, the flow rate of 0 2 introduced into the gas diffusion 
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chamber 130 is increased/ decreased. As a result, the quantity of 0 2 
added into the process gas is increased/decreased as shown in FIG. 
4. In addition, the flow rate of 0 2 is repeatedly increased/ decreased 
within a range of 5 seem (0.8333 X 10~ 7 m 3 /s in a normal state) and 
10 seem (1.67 X 10" 7 m 3 /s in a normal state). It is to be noted that 
the length of time over which 0 2 is supplied into the gas diffusion 
chamber 130 at the high flow rate of 10 seem (1.67 X 10" 7 m 3 /s in a 
normal state) is set to several ms ~ several tens of ms, e.g., 5 ms ~ 
10 ms. The length of time over which 0 2 is supplied into the gas 
diffusion chamber 130 at the low rate of 5 seem (0.833 X 10 7 m 3 /s 
in a normal state) is set greater than the length of time over which 
0 2 is supplied at the high flow rate. 

In the embodiment structured as described above, the 
quantity of 0 2 added into the process gas is increased/ decreased in 
a specific cycle. Thus, the 0 2 content in the process gas is not 
always high. As a result, it is possible to form a contact hole 204 
with a specific high aspect ratio without inducing an etch stop 
while maintaining the pattern formed at the photoresist film layer 
206 in its initial state. In addition, 0 2 is added into the process gas 
before the plasma generation as well as during and after the plasma 
generation in the embodiment. Consequently, the process can be 
implemented under conditions roughly identical to those adopted in 
the process in the prior art. Furthermore, 0 2 is constantly added 
into the process gas during the process, and, thus, the occurrence 
of etch stop can be prevented with an even higher degree of 
reliability. 
(Third Embodiment) 

Next, a third embodiment of the present invention is 
explained. This embodiment is characterized in that the quantity of 
0 2 added into the process gas is adjusted in conformance to the 
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change occurring in the composition of the plasma that 
corresponds to the change in the aspect ratio of the contact hole 
204. 

(1) Structure of etching device 

First, in reference to FIG. 5, an etching device 300 in which 
the embodiment may be adopted is explained. An analyzer 302 is 
connected to the controller 156 of the etching device 300. The 
analyzer 302 receives infrared laser light having been output from a 
light source (not shown) and passed through plasma generated 
inside the process chamber 102. Then, using the infrared laser 
light thus received, the analyzer 302 measures the change 
occurring in the composition of the plasma inside the process 
chamber 102 through, for instance, infrared laser absorption 
spectroscopy (IR-LAS). In addition, the infrared laser having passed 
through the plasma is received at a light-receiving unit of the 
analyzer 302 via a detection window 304 provided at the side wall 
of the process chamber 102 and achieving light transmissivity and 
a through opening 306 provided at the magnet 122. Other 
structural features are identical to those in the etching device 100. 

(2) Relationship between change in contact hole aspect ratio and 
change in plasma composition 

Next, in reference to FIGS. 6 and 7, the relationship between 
the change occurring in the aspect ratio of the contact hole 204 and 
the change in the plasma composition is explained. 

First, an etching process implemented on the Si0 2 film layer 
202 of the wafer W by using a process gas constituted of C 4 F 8 , CO 
and Ar without any 0 2 content is explained. As shown in FIG. 6(a), 
the etching rate becomes lowered when a specific length of etching 
time has elapsed, i.e., when the aspect ratio of the contact hole 204 
formed at the Si0 2 film layer 202 is equal to or higher than a 
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specific value. Ultimately, the Si0 2 film layer 202 can be etched no 
further. 

During this process, during the time segment (A) over which 
an essentially constant etching rate is assured, as shown in FIG. 
6(a), a so-called micro-trench contact hole 204 shown in FIG. 7(a) 
is formed at the Si0 2 film layer 202. Then, as the etching process 
progresses to a more advanced stage, the etching state of the Si0 2 
film layer 202 becomes unstable during the time segment (B) over 
which of the etching rate is lower, resulting in the bottom of the 
contact hole 204 becoming uneven, as shown in FIG. 7(b). Over the 
time segment (C) in which the etching rate is practically 0, the 
reaction product 208 and the deposit 212 (hereafter referred to as 
they "reaction product and the like 208 and 212") explained earlier 
become accumulated at the bottom of the contact hole 204 as 
shown in FIG. 7(c). Furthermore, during the time segment (C), the 
inner side wall of the contact hole 204 becomes charged to result in 
an etch stop. 

Next, the relationship between the length of etching time 
(aspect ratio) and the quantity of the reaction product and the like 
208 and 212 accumulated at the bottom of the contact hole 204 is 
explained. As shown in FIG. 6(b), the reaction product and the like 
208 and 212 start to accumulate at the bottom of the contact hole 
204 at the initial stage of the etching process, i.e., while the aspect 
ratio is still low. However, as long as the quantity of accumulation 
remains at the level corresponding to the time segment (A), a 
specific type of etching process is implemented, as shown in FIG. 
7(a). Once the reaction product and the like 208 and 212 become 
accumulated to the quantity corresponding to the time segment (B), 
the etching process is affected, as illustrated in FIG. 7(b). When the 
reaction product and the like are accumulated to the quantity 
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corresponding to the time segment (C), i.e., to a quantity equal to 
or larger than the etch stop limit quantity at the boundary of the 
time segment (B) and the time segment (C), an etch stop occurs as 
shown in FIG. 7(c). 

As explained above, the increase in the aspect ratio, the 
length of etching time, the etching rate, the etching shape and the 
quantity of the reaction product and the like 208 and 212 
accumulated at the bottom of the contact hole 204 are closely 
related to one another. Accordingly, by increasing the quantity of 
0 2 added into the process gas in proportion to the increase in the 
aspect ratio, the occurrence of etch stop can be prevented and, at 
the same time, a desired etching rate and a desired etching shape 
can be achieved. In addition, 0 2 is added in a small quantity during 
the initial stage of the process in which the aspect ratio is still low. 
Thus, the extent of damage to the photoresist film layer 206 and 
the pattern shoulders can be minimized. Furthermore, the total 
quantity of 0 2 that is introduced into the process gas (the intake 
quantity) can be set equal to or lower than the total quantity of 0 2 
continuously introduced into the process gas in the prior art. As a 
result, the shoulders of the photoresist film layer 206 can be 
prevented from becoming ground with a high degree of reliability. 
Furthermore, 0 2 , which is added in a small quantity during the 
initial stage of the process can be replenished in larger quantities 
subsequently. Consequently, the occurrence of an etch stop can be 
prevented reliably. 

It is to be noted that it is extremely difficult to measure the 
aspect ratio of the contact hole 204 during the etching process. 
Accordingly, the quantity of 0 2 being added is adjusted based upon 
the change in the plasma composition occurring as the aspect ratio 
increases in the embodiment. Now, the relationship between the 
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increase in the aspect ratio and the change occurring in the plasma 
composition is explained. As shown in FIG. 6(c), over the time 
segment (A) in which the specific type of etching process described 
above is implemented, the total content of CF, CF 2 and CF 3 
constituting the etchant in the plasma (hereafter referred to as the 
"content of CF and the like") remains constant. The content of SiF 2 , 
which is one of the byproducts resulting from the etching process 
implemented on the Si0 2 film layer 202, is also constant. Over the 
time segment (B), in which the etching process does not progress as 
easily, the content of CF and the like increases and the content of 
SiF 2 is reduced. In the time segment (C) in which the etching 
process practically stops, the content of CF and the like becomes 
constant and the SiF 2 content is nearly zero. 

As described above, there is a correlation among the aspect 
ratio of the contact hole 204, the change occurring in the etching 
shape, the total CF content and the SiF 2 content in the plasma 
inside the process chamber 102. Accordingly, during the actual 
process, the change occurring in the plasma composition should be 
measured to enable adjustment of the quantity of 0 2 added into the 
process gas in correspondence to the change in the plasma 
composition. Through this measure, control roughly identical to 
that achieved by adjusting the quantity of 0 2 being added into the 
process gas in conformance to the aspect ratio and the etching 
shape is realized. 

(3) Etching step and structure adopted to implement control of 
the quantity of O a being added 

Next, in reference to FIGS. 5, 6(c) and 8, the etching step and 
the structure adopted to implement control the quantity of 0 2 being 
added are explained. It is to be noted that procedures identical to 
those in the first embodiment are not explained. 
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Infrared laser light output from the light source (not shown) is 
input to the analyzer 302. As when plasma is generated inside the 
process chamber 102 after the start of the etching process, the 
infrared laser light travels through the plasma. The analyzer 302 
ascertains the individual contents of CF, CF 2 , CF 3 and the SiF 2 
contained in the plasma by using infrared laser light having passed 
through the plasma for her infrared laser absorption spectroscopy. 
The analyzer 302 then outputs information indicating these 
contents to the controller 156. 

At the controller 156, information with regard to changes 
occurring in the content of CF and the like and the SiF 2 content in 
the plasma as the aspect ratio increases, as shown in FIG. 6(c), is 
set in advance. This enables the controller 156 to adjust the flow 
rate of 0 2 when the total content of CF, CF 2 and CF 3 (the content of 
CF and the like) and the SiF 2 content input from the analyzer 302 
have changed. Namely, the controller 156 adjusts the flow rate of 
0 2 when the content of CF and the like has increased and the SiF 2 
content has decreased. Through this measure, the quantity of 0 2 
being added is continuously increased essentially in proportion to 
the increase in the aspect ratio of the contact hole 204, as shown in 
FIG. 8. As a result, the quantity of 0 2 induced toward the bottom of 
the contact hole 204 increases, and damage to the photoresist film 
layer 206 and the shoulders is prevented as a result while the 
occurrence of an etch stop is also prevented. Thus, a contact hole 
204 achieving a high aspect ratio can be formed. 
(Fourth Embodiment) 

Next, a fourth embodiment of the present invention is 
explained. This embodiment is characterized in that 0 2 is 
intermittently added into the process gas while intermittently 
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applying plasma generating high-frequency power to an upper 
electrode 1108. 

(1) Structure of etching device 

In reference to FIG. 14, the structure of an etching device 
1100 in which this embodiment may be adopted is explained. A 
process chamber 1102 of the etching device 1100 is formed inside 
an electrically conductive and airtight process container 1104. A 
conductive upper electrode (first electrode) 1108 and a lower 
electrode (second electrode) 1106 are provided facing opposite each 
other inside the process chamber 1102. The lower electrode 1106 
also functions as a stage on which a wafer W is placed. In addition, 
an insulating member 1110 is provided between the upper electrode 
1108 and the process container 1104. A high-frequency power 
supply 1114 is connected to the upper electrode 1108 via a matcher 
1112. The high-frequency power supply 1114 outputs plasma 
generating high-frequency power with a specific frequency of, for 
instance, 27 MHz. A high-frequency power supply 1118 is 
connected to the lower electrode 1106 via a matcher 1116. The 
high-frequency power supply 1118 outputs biasing high-frequency 
power with a frequency lower than the frequency of the high- 
frequency power applied to the upper electrode 1108, which does 
not include plasma generation, e.g., 800 KHz. 

Numerous gas outlet holes 1108a are formed at the upper 
electrode 1108. First and second gas supply pipes 1120 and 1140 
are connected to the gas outlet holes 1108a via a gas diffusion 
chamber 1108b. First ~ third gas supply sources 1134, 1136 and 
1138 are connected to the first gas supply pipe 1120 respectively 
via first ~ third flow-regulating valves (mass flow controllers) 1128, 
1130 and 1132 and switching valves 1122, 1124 and 1126. In 
addition, a fourth gas supply source 1146 is connected to the 
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second gas supply pipe 1140 via a fourth flow-regulating valve 144 
and a switching valve 142. A controller 1148 is connected to the 
first ~ fourth flow-regulating valves 1128, 1130, 1132 and 1144. 
The controller 1148 adjusts the gas flow rates by controlling the 
first ~ fourth flow-regulating valves 1128, 1130, 1132 and 1144. A 
vacuum pump (not shown) is connected at a lower portion of the 
process chamber 1102 via an evacuating pipe 1150. 
(2) Etching step 

Next, in reference to FIGS. 14, 15 and 22, the etching step 
that characterizes the embodiment is explained. 

First, as shown in FIG. 14, the wafer W is placed on the lower 
electrode 1106. At this time, the temperature of the wafer W is set 
at a specific level, e.g., 20°C, via the lower electrode 1106. The 
temperature at the inner wall surface of the process chamber 1102 
and the upper electrode 1108 is set at, for instance, 60°C. 

Next, the controller 1148 adjusts the first ~ third flow- 
regulating valves 1128, 1130 and 1132 as appropriate. Through 
this adjustment, the process gas, e.g., a mixed gas constituted of 
C 4 F 8 , CO and Ar is introduced into the process chamber 1102 from 
the first ~ third gas supply sources 1134, 1136 and 1138 with 
specific flow rates set for the individual constituents. At this time, 
the flow rate of C 4 F S is set at, for instance, 11 seem (1.83 X 10~ 7 
m 3 /s in a normal state), the flow rate of CO is set at, for instance, 
50 seem (8.33 X 10~ 7 m 3 /s in a normal state) and the flow rate of Ar 
is set at, for instance, 200 seem (33.3 X 10" 7 m 3 /s in a normal 
state). The fourth flow-regulating valve 1144 remains closed. Thus, 
0 2 is not supplied in this state. Concurrently, vacuum drawing is 
implemented inside the process chamber 1102. As a result, the 
pressure inside the process chamber 1102 is sustained at, for 
instance, 45mTorr (6.0 Pa). 
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Then, high-frequency power with a frequency of, for instance, 
27 MHz that repeatedly enters ON/ OFF states in a specific cycle 
(hereafter referred to as the "pulse power") is applied to the upper 
electrode 1108. Through this power application, the process gas 
having been introduced into the process chamber 1102 is 
dissociated to generate plasma. In addition, continuous-wave high- 
frequency power having a frequency of, for instance, 800 KHz 
(hereafter referred to as the "biasing power") is applied to the lower 
electrode 1106. This power application causes electrons, ions and 
radicals in the plasma to be drawn into the wafer W. As a result, 
contact holes 1018 are formed at an Si0 2 film layer 1012 of the 
wafer W, as shown in FIG. 22. 

The state of the plasma generation is monitored by a sensor 
(not shown). The sensor monitors the state of the plasma 
generation by detecting the emission spectrum of the plasma, for 
instance. The information obtained at the sensor is communicated 
to the controller 1148. Once the controller 1148 judges that the 
plasma has stabilized and a stable etching process is being 
implemented on the Si0 2 film layer 1012, it applies a specific level 
of pulse voltage to the fourth flow-regulating valve 1144. While the 
pulse voltage application is on, the fourth flow-regulating valve 
1144 is open to allow the 0 2 from the fourth gas supply source 
1146 to be supplied into the gas diffusion chamber 1108b. While 
the pulse voltage is off, on the other hand, the fourth flow- 
regulating valve 1146 is closed and the supply of 0 2 is stopped. As 
a result, 0 2 is added into the process gas present inside the gas 
diffusion chamber 1108b in synchronization with the ON/ OFF of 
the pulse voltage application. The process gas is supplied into the 
process chamber 1102 via the gas outlet holes 1108a. 
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The quantity of 0 2 added into the process gas (the 0 2 flow 
rate) is increased as the processing time lengthens, i.e., in 
proportion to the increase in the aspect ratio of the contact holes 
1018 occurring as the etching process progresses, as shown in FIG. 
15. The change occurring in the aspect ratio is ascertained, in 
conformance to the length of etching time that has elapsed, by the 
controller 1148 based upon the corresponding relationship between 
the length of etching time and the increase in the aspect ratio 
determined in advance. When this measure is adopted, the quantity 
of 0 2 added into the process gas is small during the initial stage of 
the process in which the aspect ratio is low. As a result, the 
photoresist film layer 1014 and the shoulders of a pattern 1016 are 
not ground readily. For this reason, the Si0 2 film layer 1012 is 
etched in an optimal manner based upon the specific pattern 1016. 
In addition, the total quantity of 0 2 introduced into the process gas 
(the 0 2 intake quantity) can be set equal to or lower than the total 
0 2 induction quantity required when 0 2 is continuously induced 
into the process gas. Thus, the shoulders at the photoresist film 
layer 1014 are prevented from becoming a ground with a high 
degree of reliability. The quantity of 0 2 added into the process gas 
is increased as the aspect ratio becomes higher. As a result, 
charging damage is reliably prevented. 

The length of time over which 0 2 is added per cycle is set at 
several ms ~ several tens of ms, e.g., 5 ms ~ 10 ms. The length of 
time over which 0 2 is not supplied is set larger than the length of 
time over which 0 2 is added. Thus, 0 2 is supplied over a shorter 
length of time than that over which 0 2 is not supplied. 
Consequently, 0 2 can be added into the process gas in a quantity at 
which the photoresist film layer 1014 and the like would be 
damaged if 0 2 was added constantly. Thus, the photoresist film 
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layer 1014 and the shoulders of the pattern 1016 essentially do not 
become damaged. 

(3) How charging damage is prevented 

Next, in reference to FIGS. 16 and 17, an explanation is given 
on how the problem of charging damage can be eliminated by 
adding 0 2 . 

As shown in FIG. 16, the pulse power and the biasing power 
are respectively applied to the upper electrode 1108 and the lower 
electrode 1106 during the process. 0 2 added into process gas 
becomes dissociated together with C 4 F 8 and the like while the pulse 
power is on, and thus, positive ions, negative ions, radicals and 
electrons are generated. Among these, negative ions or electrons of 
oxygen that eliminate the positive charge stored at the lower areas 
of the contact holes 1018 are drawn into the contact holes 1018 
while the pulse power is turned off and the biasing power is in a 
positive cycle (the periods corresponding to the shaded areas in 
FIG. 16). 

In other words, the negative ions of oxygen cannot pass 
through the sheath formed between the wafer W and the plasma if 
the pulse power is in an ON state even when the biasing power is a 
positive cycle. As a result, the negative ions of oxygen cannot 
reach inside the contact holes 1018 while the pulse power is in an 
ON state. 

However, once the pulse power is turned off, the sheath 
becomes dissipated, as shown in FIG. 17. The dissipation of the 
sheath allows the negative ions (F) and electrons of oxygen to be 
drawn into each contact hole 1018 and ultimately to reach the 
bottom of the contact hole 1018 when the biasing power is in a 
positive cycle. As a result, the positive charge stored at the lower 
wall of the contact hole 1018 becomes electrically neutralized by 
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the negative ions and electrons of oxygen, thereby eliminating the 
charge. Thus, positive ions (the etching seed) dissociated from C 4 F 8 
is allowed to enter the contact hole 1018 along a direction 
perpendicular to the bottom surface of the contact hole 1018 even if 
the aspect ratio of the contact hole 1018 has become high, which, 
in turn, makes it possible to form the contact hole 1018 in a 
specific shape. 

In the embodiment structured as described above, the supply 
of 0 2 added into the process gas is switched ON/ OFF in a specific 
cycle and the quantity of 0 2 added into the process gas is increased 
in proportion to the increase in the aspect ratio. Thus, the problem 
of the lower wall of the contact hole 1018 becoming charged can be 
eliminated while maintaining the pattern of the 1016 in its initial 
state, so that a contact hole 1018 achieving a desired high aspect 
ratio is formed. 
(Fifth Embodiment) 

Next, a fifth embodiment of the present invention is explained. 
This embodiment is characterized in that the quantity of 0 2 added 
into the process gas is increased/ decreased in relative measure 
while intermittently applying plasma generating high-frequency 
power to the upper electrode 1108. 

Namely, a process gas containing 0 2 added at a flow rate of, 
for instance, 5 seem (0.833 X 10 7 m 3 /s in a normal state) is 
supplied into the process chamber 1102 prior to the start of the 
process. Then, after specific processing conditions are achieved, the 
high-frequency power mentioned earlier is applied to the upper 
electrode 1108 and the lower electrode 1106 to implement an 
etching process on the wafer W. Once the controller 1148 verifies 
that the plasma has stabilized, it adjusts the degree of openness of 
the fourth flow-regulating valve 1144 in correspondence to the 
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length of processing time that has elapsed, i.e., in proportion to the 
increase in the aspect ratio of the contact hole 1018. Through this 
adjustment, the flow rate of O a introduced into the gas diffusion 
chamber 1108b is cyclically increased/decreased. Through this 
measure, the quantity of 0 2 added into the process gas is increased 
in stages in proportion to the increase in the aspect ratio, as shown 
in FIG. 18. It is to be noted that the length of time over which O a is 
supplied into the gas diffusion chamber 1 108b at a high flow rate is 
set at several ms ~ several tens of ms, e.g., 5 ms ~ 10 ms. The 
length of time over which 0 2 is supplied into the gas diffusion 
chamber 1108b at a low flow rate, on the other hand, is set larger 
than the length of time over which O a is supplied at the high flow 
rate. It is to be noted that other structural features are identical to 
those adopted in the fourth embodiment. 

In the embodiment structured as described above, O a is 
constantly added into the process gas during the process. Thus, 
negative ions of oxygen can be generated in greater quantity so that 
the occurrence of charging is prevented with greater reliability. In 
addition, the quantity of 0 2 added into the process gas, which is 
increased/decreased through the adjustment, is increased as the 
aspect ratio becomes higher. As a result, the extent of damage to 
the photoresist film layer 1014 and the shoulders of the pattern 
1016 attributable to the addition of 0 2 can be minimized. 
(Sixth Embodiment) 

A sixth embodiment of the present invention is now explained. 
This embodiment is characterized in that the quantity of 0 2 added 
into the process gas is continuously increased while intermittently 
applying the plasma generating high-frequency power to the upper 
electrode 1 108. 
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Namely, a process gas which does not contain 0 2 is 
introduced into the process chamber 1102. Then, plasma is 
generated after the various conditions mentioned earlier have been 
achieved to implement an etching process on the wafer W. Once the 
controller 1148 verifies that the plasma has stabilized, it increases 
the level of the voltage applied to the fourth flow-regulating valve 
1144 in proportion to the increase in the aspect ratio of the contact 
hole 1018. Thus, as shown in FIG. 19, the quantity of O a added into 
the process gas is continuously increased in proportion to the 
increase in the aspect ratio. It is to be noted that other structural 
features are identical to those adopted in the fourth embodiment. 

In the embodiment structured as described above, the 
quantity of 0 2 added into the process gas is continuously increased 
as the aspect ratio becomes higher. Consequently, charging damage 
is prevented with greater reliability. Furthermore, the total quantity 
of 0 2 added into the process gas never exceeds the quantity 
required to prevent the occurrence of charging damage, so that the 
shoulders of the photoresist film layer 1014 are more effectively 
prevented from becoming ground. 

While the invention has been particularly shown and 
described with respect to preferred embodiments thereof by 
referring to the attached drawings, the present invention is not 
limited to these examples and it will be understood by those skilled 
in the art that various changes in form and detail may be made 
therein without departing from the spirit, scope and teaching of the 
invention. 

For instance, while an explanation is given above in reference 
to the first and second embodiments on an example in which a 
constant quantity of 0 2 is added into the process gas intermittently 
or 0 2 is added into the process gas by increasing/ decreasing the 



FTEL9900 2 /US 



39X51 



quantity, in a specific cycle, the present invention is not restricted 
by these details. As in the third embodiment, 0 2 may be added 
intermittently (in pulses) as shown in FIG. 9 while increasing the 
quantity of 0 2 added into the process gas is increased in proportion 
to the increase in the aspect ratio, i.e., in correspondence to the 
change occurring in the plasma composition, instead. Alternatively, 
0 2 may be added by increasing/decreasing its quantity in pulses, 
as shown in FIG. 10. Or, the quantity of 0 2 added into the process 
gas may be increased/decreased along a curve, as shown in FIG. 
11. Any of such alternative measures achieves advantages similar 
to those realized in the third embodiment. Furthermore, by 
continuously and linearly increasing the quantity of 0 2 added into 
the process gas, as shown in FIG. 13, in correspondence to the 
change in the plasma composition, advantages similar to those 
explained above are achieved as well. 

In addition, while an explanation is given above in reference 
to the third embodiment on an example in which the quantity of 0 2 
added into the process gas is continuously increased, the present 
invention is not restricted by such details. For instance, by 
increasing the quantity of 0 2 added in stages (multiple stages) in 
correspondence to the change occurring in the plasma composition 
as shown in FIG. 12, advantages similar to those described above 
are achieved. 

While an explanation is given above in reference to the third 
embodiment on an example in which the quantity of 0 2 added into 
the process gas is adjusted in conformance to the change occurring 
in the plasma composition, the present invention is not restricted 
by these details. Namely, the flow rate of a process gas constituent 
other than 0 2 , the pressure inside the process chamber, the high- 
frequency power applied to the electrodes, the temperatures at the 
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electrodes and the inner wall of the process chamber and the like, 
too, may be adjusted in correspondence to the change in the 
plasma composition. 

While an explanation is given above in reference to the third 
embodiment on an example in which the change in the plasma 
composition is measured through infrared laser absorption 
analysis, the present invention is not restricted by such details. For 
instance, the present invention may also be implemented based 
upon a plasma constituent contents ascertained by using laser- 
induced fluorescent light (LIF) or through emission spectroscopy 
(OES), quadrupole mass spectrometry or the like. Furthermore, the 
quantity of 0 2 added into the process gas may be adjusted based 
upon the change occurring in the potential or the temperature of 
the plasma. 

While an explanation is given above in reference to the third 
embodiment on an example in which the quantity of 0 2 added into 
the process gas is adjusted in correspondence to the change 
occurring in the plasma composition which is ascertained through 
actual measurement, the present invention is not restricted by 
these details. The present invention may instead be implemented by 
ascertaining in advance the relationship between the increase in 
the aspect ratio of the contact hole and the length of the etching 
time and increasing the quantity of 0 2 added as the etching process 
lengthens. 

While an explanation is given above in reference to the first ~ 
third embodiments on an example in which the present invention is 
adopted in an etching device in which high-frequency power is 
applied to the lower electrode, the present invention is not 
restricted by such structural details. For instance, the present 
invention may be adopted in a plasma processing device assuming 
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a structure in which high-frequency power is applied to both the 
upper electrode and the lower electrode or only to the upper 
electrode, as well. In addition, the present invention may be 
adopted in a plasma processing device that is not provided with a 
magnet as well as in an etching device provided with a magnet, as 
described earlier. 

While an explanation is given in reference to the fourth ~ 
sixth embodiments on an example in which the extent of an 
increase in the aspect ratio of the contact hole is judged in 
correspondence to the length of etching time that has elapsed, the 
present invention is not restricted by such details. For instance, 
the relationship between the change in the plasma composition 
inside the process chamber and the increase in the aspect ratio 
may be ascertained in advance. Then, the extent of the increase in 
the aspect ratio may be judged in correspondence to the change in 
the plasma composition ascertained through measurement during 
the process. 

While an explanation is given above in reference to the fourth 
~ sixth embodiments on an example in which a constant quantity of 
0 2 is added intermittently into the process gas or 0 2 is added into 
the process gas by increasing/ decreasing the quantity, in a specific 
cycle in correspondence to the increase in the aspect ratio, the 
present invention is not restricted by these details. For instance, 
when increasing the quantity of 0 2 added into the process gas in 
proportion to the increase in the aspect ratio, the quantity may be 
adjusted along a curve, as shown in FIG. 20. Alternatively, the 
quantity may be increased in stages (multiple stages) as shown in 
FIG. 21. By adopting any of these measures, advantages similar to 
those realized in the embodiments are achieved. 
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While an explanation is given above in reference to the fourth 
~ sixth embodiments on an example in which the supply of 0 2 is 
switched ON/ OFF or the quantity of 0 2 added into the process gas 
is increased/ decreased after the plasma is stabilized, the present 
invention is not restricted by these details. For instance, the supply 
of 0 2 may be switched ON/ OFF immediately before the charging 
damage actually occurs. Alternatively, the quantity of O a added into 
the process gas may be increased/ decreased or may be simply 
increased. The present invention may be adopted in conjunction 
with any of these measures. 

In addition, while an explanation is given in reference to the 
first ~ sixth embodiments on an example in which O a is added into 
a mixed process gas containing C 4 F 8 , CO and Ar, the present 
invention is not restricted by these details, and it may be 
implemented by adding 0 2 into another process gas as long as the 
process gas contains, at least, fluorocarbon. 

While an explanation is given above in reference to the first ~ 
sixth embodiments on an example in which 0 2 is added into the 
process gas in the gas diffusion chamber, the present invention is 
not restricted by these details and it may be adopted when O a is 
directly supplied into the process chamber as well. 

While an explanation is given above in reference to the first ~ 
sixth embodiments on an example in which the flow rate of O a (the 
quantity of O a that is added) is adjusted with the flow-regulating 
valve which adjusts the degree of openness in correspondence to 
the voltage applied thereto, the present invention is not restricted 
by these details and it may be implemented in conjunction with 
another means for supply quantity adjustment as long as the flow 
rate of O a is adjusted. 
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While an explanation is given above in reference to the first ~ 
sixth embodiments on an example in which the state of the plasma 
is detected by employing an optical sensor, the present invention is 
not restricted by these details. The present invention may be 
implemented by ascertaining the point in time at which the plasma 
becomes stabilized in advance and implementing control on the 0 2 
supply quantity based upon the time point during the actual 
process, instead. 

While an explanation is given above in reference to the fourth 
~ sixth embodiments on an example in which high-frequency power 
is intermittently applied to the upper electrode and continuous 
wave high-frequency power is applied to the lower electrode, the 
present invention is not restricted by these details and it may also 
be complemented by, for instance, applying the two types of high- 
frequency power to a second electrode on which the workpiece is 
placed. In addition, the present invention may be adopted in a 
plasma processing device in which a magnetic field is formed inside 
the process chamber. 

According to the present invention, the process is 
implemented while intermittently adding 0 2 into the process gas or 
while increasing/reducing in relative measure the quantity of 0 2 
added into the process gas. As a result, the extent of damage to the 
etching mask can be minimized. Furthermore, the reaction product 
accumulated at the bottoms of the contact holes is removed and 
thus the occurrence of the charging phenomenon at the inner wall 
surface of the contact hole is prevented, to effectively prevent etch 
stop from occurring. Consequently, an extremely small contact 
holes achieving a high aspect ratio and a desired shape can be 
formed. Also, the process can be implemented while increasing the 
quantity of 0 2 added into the process gas in proportion to the 
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increase in the aspect ratio. Therefore, the occurrence of etch stop 
is prevented even more reliably. Since the total quantity of 0 2 
intake is reduced, the etching mask is not damaged. 

In addition, according to the present invention, negative ions 
of oxygen are guided toward the bottoms of the contact holes. Thus, 
even when forming contact holes with a high aspect ratio with high- 
density plasma, contact holes are not positively charged at their 
lower walls. Consequently, a contact hole achieving a desired shape 
is formed. 

INDUSTRIAL ACCEPTABILITY 

The present invention may be adopted in a semiconductor 
manufacturing apparatus and more specifically, it may be adopted 
in a plasma processing device such as an etching device. 
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CLAIMS 

1. A plasma processing method for implementing a plasma 
process on a silicon oxide film layer formed at a workpiece placed 
inside a process chamber by generating plasma from a process gas 
containing, at least, fluorocarbon introduced into said process 
chamber, wherein; 

oxygen is intermittently added into the process gas. 

2. A plasma processing method according to claim 1, wherein; 
the oxygen is cyclically added into the process gas. 

3. A plasma processing method according to claim 1, wherein; 
the length of time over which the oxygen is added into the 

process gas is short relative to the length of time over which the 
oxygen is not added into the process gas. 

4. A plasma processing method according to claim 1, wherein; 
a contact hole is formed at said silicon oxide film layer; and 
the quantity of oxygen added into the process gas is increased 

in proportion to an increase in the aspect ratio of said contact hole. 

5. A plasma processing method according to claim 4, wherein; 
the relationship between the change occurring in the aspect 

ratio and the change occurring in the plasma composition is 
ascertained in advance and the quantity of oxygen added into the 
process gas is adjusted in conformance to the change in the plasma 
composition. 

6. A plasma processing method according to claim 1, wherein; 
the oxygen is added after the plasma has stabilized. 
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7. A plasma processing method for implementing a plasma 
process on a silicon oxide film layer formed at a workpiece placed 
inside a process chamber by generating plasma from a process gas 
containing, at least, fluorocarbon introduced into said process 
chamber, wherein; 

oxygen is added into the process gas and the quantity of 
oxygen added into the process gas is increased/ decreased in 
relative measure. 

8. A plasma processing method according to claim 7, wherein; 
the quantity of oxygen added into the process gas is 

increased/ decreased cyclicly. 

9. A plasma processing method according to claim 7, wherein; 
the length of time over which the quantity of oxygen added 

into the process gas is increased is small relative to the length of 
time over which the quantity of oxygen added is decreased. 

10. A plasma processing method according to claim 7, wherein; 
a contact hole is formed at said silicon oxide film layer; and 
the quantity of oxygen added into the process gas is increased 

in proportion to an increase in the aspect ratio of said contact hole. 

11. A plasma processing method according to claim 10, wherein; 
the relationship between a change occurring in the aspect 

ratio and a change occurring in the plasma composition is 
ascertained in advance and the quantity of oxygen added into the 
process gas is adjusted in conformance to the change in the plasma 
composition. 
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12. A plasma processing method according to claim 7, wherein; 
the quantity of oxygen added into the process gas is 

increased/ decreased after the plasma has stabilized. 

13. A plasma processing method for implementing a plasma 
process on a silicon oxide film layer formed at a workpiece placed 
inside a process chamber by generating plasma from a process gas 
containing, at least, fluorocarbon introduced into said process 
chamber, wherein; 

oxygen is added into the process gas and the quantity of 
oxygen added into the process gas is increased in proportion to an 
increase in the aspect ratio of a contact hole formed at said silicon 
oxide film layer. 

14. A plasma processing method according to claim 13, wherein; 
the relationship between a change occurring in the aspect 

ratio and a change occurring in the plasma composition is 
ascertained in advance and the quantity of oxygen added into the 
process gas is adjusted in proportion to the change in the plasma 
composition. 

15. A plasma processing method according to claim 13, wherein; 
the quantity of oxygen added into the process gas is 

continuously increased. 

16. A plasma processing method according to claim 13, wherein; 
the quantity of oxygen added into the process gas is increased 

in stages. 
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17. A plasma processing method for implementing a plasma 
process on a silicon oxide film layer formed at a workpiece placed 
on a second electrode by introducing a process gas containing, at 
least, fluorocarbon into a process chamber, applying high- 
frequency power to a first electrode and said second electrode 
facing opposite each other inside said process chamber and thus 
raising the process gas to plasma, wherein; 

the frequency of the high-frequency power applied to said 
second electrode is lower than the frequency of the high-frequency 
power applied to said first electrode; 

the high-frequency power is intermittently applied to said first 
electrode; and 

oxygen is intermittently added into the process gas. 

18. A plasma processing method according to claim 17, wherein; 
the oxygen is cyclically added into the process gas. 

19. A plasma processing method according to claim 17, wherein; 
a contact hole is formed at said silicon oxide film layer; and 
the quantity of oxygen added into the process gas is increased 

in proportion to an increase in the aspect ratio of said contact hole. 

20. A plasma processing method for implementing a plasma 
process on a silicon oxide film layer formed at a workpiece placed 
on a second electrode by introducing a process gas containing, at 
least, fluorocarbon and oxygen into a process chamber, applying 
high-frequency power to a first electrode and said second electrode 
facing opposite each other inside said process chamber and thus 
raising the process gas to plasma, wherein; 
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the frequency of the high-frequency power applied to said 
second electrode is lower than the frequency of the high-frequency 
power applied to said first electrode; 

the high-frequency power is intermittently applied to said first 
electrode; and 

said plasma process is implemented while 
increasing/ decreasing the quantity of oxygen added into the 
process gas. 

21. A plasma processing method for implementing a plasma 
process on a silicon oxide film layer formed at a workpiece placed 
on a second electrode by introducing a process gas containing, at 
least, fluorocarbon and oxygen into a process chamber, applying 
high-frequency power to a first electrode and said second electrode 
facing opposite each other inside said process chamber and thus 
raising the process gas to plasma, wherein; 

the frequency of the high-frequency power applied to said 
second electrode is lower than the frequency of the high-frequency 
power applied to said first electrode; 

the high-frequency power is intermittently applied to said first 
electrode; and 

said plasma process is implemented while increasing the 
quantity of oxygen added into the process gas. 

22. A plasma processing method according to claim 21, wherein; 
a contact hole is formed at said silicon oxide film layer; and 
the quantity of oxygen added into the process gas is increased 

in proportion to an increase in the aspect ratio of said contact hole. 
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Abstract of the Disclosure 

An Si0 2 film layer formed at a wafer placed inside a process 
chamber of an etching device is etched by generating plasma from a 
process gas containing fluorocarbon which has been introduced 
into the process chamber. The contents of an etchant and the 
byproducts are measured through infrared laser absorption 
analysis. The individual contents thus measured are compared with 
the contents of the etchant and the byproducts in the plasma 
corresponding to the increase in the aspect ratio of a contact hole 
set in advance. The quantity of 0 2 added into the process gas is 
adjusted to match the measured contents with the predetermined 
contents. The quantity of 0 2 added into the process gas is 
continuously increased as the aspect ratio becomes higher. As a 
result, a contact hole is formed at the Si0 2 film layer without 
damaging the photoresist film layer or inducing an etch stop. 
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Explanation of Reference Numerals 
100, 300, 1100 etching device 
102, 1102 process chamber 
106, 1106 lower electrode 

120, 1114, 1118high frequency power supply 

124, 1108 upper electrode 

124a, 1108a gas outlet hole 

126, 1120 first gas supply pipe 

128, 1140 second gas supply pipe 

130, 1108b gas diffusion chamber 

134, 1128 first flow-regulating valve 

140, 1130 second flow-regulating valve 

146, 1132 third flow-regulating valve 

152, 1144 fourth flow-regulating valve 

136, 1134 first gas supply source 

142, 1136 second gas supply source 

148, 1138 third gas supply source 

154, 1146 fourth gas supply source 

156, 1148 controller 

202, 1012 Si0 2 film layer 

204, 1018 contact hole 

206, 1014 photoresist film layer 

302 analyzer 

W wafer 
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FIG.7(a) 
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As a below named inventor, J hereby declare that rny residence, post office address and citizenship are as stated below next to my name; 1 believe I 
am the original, first and sole inventor (rf only one name is listed below) or an original, first and joint inventor (if plural names are fisted below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: PLASMA PROCESSING METHOD 



the specification of which 0 is attached and/or i was filed as United States Application Serial No. on 

___ and was amended on (if applicable); or was filed as PCT 

international Application No. PCT/JP99/07176 on December 21, 1999 and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment referred to above. 1 acknowledge the duty to disclose information which is material to the examination of this application in accordance with 
Title 37, Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign application(s) for patent or inventor's certificate or of 
any PCT international application® designating at least one country other than the United States of America listed below and have also identified below 
any foreign application (s) for patent or inventor's certificate or any PCT international application^) designating at least one country other than the United 
States of America filed by me on the same subject matter having a filing date before that of the applications) of which priority is claimed: 



Country 


Application Number 


Date of Filing 


Priority Claimed Under 35 U.S.C. 119 


Japan 


JP1 0-377509 


December 28, 1998 


I YES 0 NO 


03 Japan 


JP1 0-377510 


December 28, 1998 


I YES 0 NO 


V* PCT 


PCT/JP99/07176 


December 21, 1999 


■ YES 0 NO 



1 hsfi^iy claim the benefit under Title 35, United States Code, § 120 of any United States application^) or PCT international application® designating 
the United States of America that is/are listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in thatfthose 
prior application® in the manner provided by the first paragraph of Title 35, United States Code, § 112, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between the filing date of the prior applications) and the 
natiorJa| or PCT international filing date of this application: 



5f ■ Application Number 


Date of Filing 
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1 h®by appoint the following attorney and/or agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith. FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, LLP., Reg. NoJ2a^40rDoug(as B. Henderson, Reg. No. 202§£^. 
Ford F. Farabow, Jr., Reg. No, . 20,630; Ar thur S. Garrett, Reg. Nc^_20 > 338; D onald R. Dunner, Reg. No. 13*Q73;J3rian G. Brunsvold, Reg. No. 22,593;— 
Tipton D, Jennings, IV, Reg. No.J2a64SHerry D- Voight, Reg. No^23^0H=aurence R. Hefter, Reg. No.-20>327-H<enneth £* Payne, Reg. No^aMSS^ 
Herbert H. Mintz, Reg. Na26jSai^JSOarry O'Rourke, Reg. No. 26&14;-Albert J. Santoreili, Reg. Ncu_22,6*erMichaei C. Elmer, Reg. No. 25r85?rRichard ( 
H. Smith, Reg. No. 2X1609; Stephen L Peterson, Reg. No . 26,325i ,John M. Romary, Reg, No.^gg^SSl^ruce C. Zotter, Reg. No. -2?r680rDennis PZfL 
O'Reilley, Reg. No. 22^932-; Alien M. Sokai, Reg. No^.26,695; Robert D. Bajefsky, Reg. No. 25,387-rRichard L Stroup, Reg. No. 2&,47Sr©avid W. Hill, 
Reg. No . 28,220 ; Thomas L Irving, Reg. No^28 J 6 ; t$reharies e. Lipsey, Reg. No_2S i 465r Thomas W. Winland, Reg. No. 2?£G5rBasil J. Lewris, Reg. No. 
gamier-Martin I. Fuchs, Reg. No. 23£Q8;JE. Robert Yoches, Reg. No. 30, 120^ Barry W. Graham, Reg. No. 29,924;-Susan Haberman Griffen, Reg. No. 
30.907: Richard B. Racine, Reg. No^^-Thomas H. Jenkins, Reg. No.J3Gj8S7; Robert E. Converse, Jr., Reg. No~27#32; Clair X. Mullen, Jr., Reg. 
No. 20.348; Christopher P. Foley, Reg. NoJ3Ll J 354rdohn C. Paul, Reg. No. 3QA13;. Roger D. Taylor, Reg. No. 28^92^-David M. Kelly, Reg. No. 30^53^- 
Kenneth J. Meyers, Reg. No. 25 r i46rCarol P. Bnaudi, Reg. No. 32^rWaiter Y. Boyd, Jr., Reg. No. 34T?38rSteven M, Anzalone, Reg. Ma^2£95;~Jear\ 
B. Fordis, Reg. No. .32,964; Barbara C. McCurdy, Reg. No. 32J20; James K. Hammond, Reg. No. 31^964; Richard V. Burgujian, Reg, No. — 

J. Michael Jakes, Reg. No..32£2~4; and ■ Piease address all correspondence 

to FiNNEGAM y 44EfK>£RS<^r^ : AnAB^WT-^ARa£iXj& DUNNER. l.l.p. 1300 I Street, N.W., W ashington, , D.C^ 20005, Telephone No. (202) 40S-4000. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed 
to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Trtie 18 of the United States Code, and that such willful false statements may -jeopardize the validity of the 
application or any patent issuing thereon. 
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